Energy Saver/Doubler (ES/D) will be at the energy desired for interactions, thus avoiding the uncertainty, complication, and cost of accelerating very intense beams in the storage rings themselves. Each ring will require 570 superconducting dipole magnets, each 6.2 m long; the field required at 1000 GeV is 60 kG.
For a proton current of 5A in each ring at 1000 GeV, the high-luminosity insertion is designed to give =4 x 1033cm-sec-1. Fig. 2 , and results in nearly straight injection lines to the storage rings. These lines will consist mainly of buried vacuum pipe with quadrupole doublets every 150 meters for focusing, and will be relatively inexpensive both to build and to operate. One of these lines will originate at the "Q stub" and the other from a new extraction point at the B straight section.
Some important design parameters are summarized in Table I . The two rings will be housed in a common tunnel and each will have six 720-meter long 
detail in another paper6 at this conference; some of the performance parameters are summarized in Table II .
Injection into the storage rings will be handled in a manner similar to that used at the ISR, making use of rf stacking in momentum space. The filling time will range from a few minutes at low energies to about one hour at 1000 GeV. Each ring can store high beam currents at energies between 100 GeV and 1000 GeV, and unequal-energy operation is possible. There is no firm low-energy limit and although the attainable luminosity falls with decreasing energy, some experiments should be possible even below 100 GeV.
The design luminosity, <,= 4 x 10 cm sec , is two orders of magnitude higher than the values obtained at the ISR. This increase is possible even with a lower proton current because of the high energy; the beams are smaller in size and a smaller crossing angle can be used without the beam-beam tune shift becoming important. There appears to be no hard limit on the stored proton current, and it may eventually be possible to store more than the design current of 5A, possibly yielding C> 1034cm 2sec
Magnets and Vacuum
There are several clear advantages to using superconducting magnets for high energy storage rings. The power saving even for magnets operating at 20 kG amounts to hundreds of megawatts, and the length of expensive underground tunnel can be reduced by a factor of two or three due to the higher fields obtainable. The design field of 60kG at 1000 GeV is somewhat higher than the 40 to 45 kG design of present accelerator projects, all of which were started several years ago. With the steady improvements in technology, 60kG superconducting dc dipoles now seem quite feasible, and this field is a worthy goal for the next step in dipole technology. For POPAE, this high field will result both in savings and in reduced sensitivity to various instabilities.
Since protons are stored at a fixed energy, and the high-current beam is not accelerated, several of the design criteria commonly imposed on pulsed magnets can be relaxed. Rectangular monolithic wire or cable can be utilized instead of braid, thus saving the Crossing angle (mrad) expense of braiding as well as improving the coil packing fraction. A thick metal bore tube can be employed for mechanical rigidity, without concern for eddy currents which degrade the field quality of a pulsed magnet. A dc magnet also has less stringent requirements on the insulation between superconducting elements, and does not require field corrections that depend on the rate at which the magnet is ramped.
The magnet design adoFted for POPAE is described in detail elsewhere. It is similar to a 60-kG dipole magnet built and operated at Saclay, with rectangular coils wound with rectangular conductor. 8 The magnet design incorporates both cold bore and cold iron, as well as liquid-nitrogen-cooled heat shields in the magnet cryostat. The result is a very low heat load on the liquid helium system and a substantial saving on refrigerator costs and power consumption.9
The 6-cm vacuum tube bore is substantially smaller than the 8-cm bore proposed for Isabelle. The choice of bore diameter is influenced by many aspects of over-all design such as machine instabilities, vacuum, beam size, etc. In general, a bigger bore helps with various potential problems that may or may not be critical, but it does cost money. POPAE has the option of using a smaller bore, since there is no need to store and bunch the full beam intensity at low energy. Beam instabilities become more important as the beam current increases and, for a given cost, the smaller bore size of POPAE essentially trades luminosity for increased energy. The 5-ampere beam current needed to reach design luminosity will place considerably less stringent requirements on the entire system than does the 40-ampere current achieved at the ISR.
The vacuum will be primarily a cold-bore system, with warm bore only in the straight sections, a natural choice for a ring of superconducting magnets. With high-vacuum preparation of materials, a vacuum of about 10-11 Torr will be obtained in the warm-bore sections, while better than 10-13 Torr is expected from the cold-bore regions. With high pumping speed of the bore tube at liquid-helium temperature and the relatively low beam current, it should not be difficult to avoid the pressure bump problem seen at the ISR. The vacuum design is discussed in detail in another paper presented to this conference. Since economic constraints may force a reduction in scope, an estimate was also made of the saving which could be realized by lowering the peak energy of POPAE. The 1000-GeV ring geometry is retained (leaving open the possibility of eventual operation at higher energy) and 30 kG, ES/D-type superconducting dipoles are used. Since the magnets are such a large part of the cost, the savings are substantial, and the cost of a 500-GeV on 500-GeV facility is estimated to be $155 M in 1976 dollars.
Cost Estimate

